Abstract: Murine gammaherpesvirus 68 (MHV-68) is a natural pathogen of free-living murid rodents, isolated from a bank vole (Clethrionomys glareolus) in Slovakia. It belongs to the family Herpesviridae, the genus Rhadinovirus, the species Murid herpesvirus 4. Neutralizing serum MHV-68 antibodies were found in animals of other species living with infected rodents in the same biotope (fallow deer, wild boars, deer, sheep, foxes, and mouflons) as well as in humans (laboratory personnel working with MHV-68 or wild rodents, hunters, general population). In this study, the shedding of MHV-68 in the nature was investigated on the model of laboratory mice experimentally infected with the virus. The virus was first detected in breast milk and lactic glands at day 4, in urine and salivary glands at day 9, and in saliva and tear glands at day 14 p.i. Out of intranasal, peroral, intramuscular, intraperitoneal, and subcutaneous routes of infection the first two proved most effective.
Introduction
MHV-68 is a natural pathogen of small murine freeliving rodents, isolated in Slovakia in 1976 (Blaškovič et al. 1980) . Three herpesviruses 60 and 72) were isolated from Clethrionomys glareolus (Schreber, 1780), and two (MHV-76 and 78) from Apodemus flavicollis (Melchior, 1834) . Later on, further isolates were obtained from A. flavicollis in Bohemia (MHVŠumava) (Mistríková & Blaškovič 1985) and in Slovakia (Kožuch et al. 1993) . Based on biological properties, MHV-68 was first taken for a member of the subfamily Alphaherpesvirinae (Svobodová et al. 1987) . However, later, with regard to genome properties (Virgin et al. 1997) , it was proposed to assign it to the subfamily Gammaherpesvirinae. The definite acceptance of MHV-68 as a gammaherpesvirus (Murid herpesvirus 4, synonyms Mouse herpesvirus strain 68, Murine gammaherpesvirus 68) was effected in 1995 (Murphy et al. 1995) and extended in 2005 by defining a new species for MHV-68, Murid herpesvirus 4 (Fauquet et al. 2005) . The other murine herpesvirus isolates mentioned above are all considered gammaherpesviruses, but they remain so far unclassified.
The importance of MHV-68 resides in its worldwide use as an experimental model for studying a gammaherpesvirus infection. Important human pathogens associated with cancer [e.g., Epstein-Barr virus (EBV) and Kaposi's sarcoma-associated herpesvirus (KSHV)] are gammaherpesviruses.
In the first ecological study on murine gammaherpesviruses, 381 sera from four species of free-living rodents [A. flavicollis, C. glareolus, Microtus arvalis (Pallas, 1778), and Mus musculus (L., 1758)] trapped at various sites in former Czechoslovakia were examined for specific antibodies by a complement-fixation reaction (Mistríková & Blaškovič 1985) . The positivity of sera varied in dependence on the virus and locality; it was in the range of 0-10% for MHV-60 antibodies and of 1.8-12.5% for MHV-76 antibodies, while the titers ranged from 8 to 16.
A similar study extended to 935 sera from nine species showed that antibodies to MHV-60, MHV-76 and MHV-Šumava were present inA. flavicollis and C. glareolus from all localities, while the incidence of those in A. sylvaticus (L., 1758), Microtus arvalis and M. agrestis (L., 1761) was lower. The incidence of antibodies did depend on the season of animal trapping, sex and age of animals. The titers of antibodies ranged from 2 to 256. These two studies had indirectly proved the occurrence of a murine gammaherpesvirus infection in free-living rodents by detection of specific antibodies .
In an attempt to prove the presence of a murine gammaherpesvirus in C. glareolus and A. flavicollis directly, their blood was tested for MHV-68, MHV-72, and MHV-4556 by specific PCRs (Klempa et al. 2001) . The attempt was successful by showing that 31.8% of M. Hricová & J. Mistríková animals contained at least one virus and 13.6% contained MHV-68.
In studying the incidence of MHV-68 infection in free-living rodents in UK using serology and PCR, Blasdell et al. (2003) found its endemicity in A. flavicollis but not in C. glareolus and M. agrestis. The positivity by PCR was higher in the lungs than in the spleen in accord with the findings of Svobodová et al. (1987) , thereby emphasizing the importance of the lungs for the virus persistence in natural infection.
A long-term study of MHV-68 antibodies in a mixed population of C. glareolus and A. sylvaticus in UK (Telfer et al. 2007 ) revealed their higher prevalence in the latter host, thereby supporting a previous view that A. sylvaticus is the major natural host of MHV-68, even though this virus was originally isolated from C. glareolus. An investigation of incidence of 13 different viruses in Mus domesticus (Schwarz & Schwarz, 1943) in UK using serology (Becker et al. 2007 ) showed for MHV-68 values of 3-13%.
All these data have led to a conclusion that MHV-68 infects in the nature various rodent species belonging to diverse, phylogenetically distant families, and to a hypothesis that it could be transmitted from infected rodents to other animals living in common biotops.
Studies performed in this context have brought evidence on serum virus-neutralization MHV-68 antibodies in fallow deer (18.2%), wild boars (28%), deer (50%), sheep (15%), foxes (16.7%), and mouflons (35.29%) (Marková et al. 2007; Hamzová et al. 2005; Mistríková et al. 2000) . Finally, there arose a question of possible infection of humans with this virus. The answer was positive, as serum MHV-68 antibodies were found in a proportion of (1) persons working in laboratory with MHV-68 or other viruses (tick-borne encephalitis virus and hantaviruses) or small murine rodents, (2) hunters, and (3) general population (Hricová & Mistríková 2007; Marková et al. 2007; Mistríková et al. 2000 Mistríková et al. , 2006 Hamzová et al. 2005) .
In spite of the fact that the transmission of MHV-68 from murine rodents to other animals and humans has been proved, it's precise ways were not studied yet. Therefore this study was aimed at the shedding of MHV-68 by various excretes in experimentally infected Balb/c or ICR mice. • C, the inoculum was changed for Dulbecco's modified Eagle's medium and viral cytopathic effect was read after 7-10 days. Infection of mice was carried out intranasally, perorally, intramuscularly, intraperitoneally or subcutaneously with 2 × 10 4 TCID50 ml −1 in 0.2 ml of MHV-68. Samples of urine and breast milk and mouth swabs were taken at various intervals following the infection using Pasteur pipettes. Samples of lactic and tear glands and kidneys were taken following autopsy. The samples were homogenized with 1 ml of PBS, the suspensions were clarified by low-speed centrifugation, and the supernatants were stored at 4
• C until subjected to virus detection in Vero cell cultures.
Results
In one series of experiments, samples of urine, lactic, salivary and tear glands, kidneys, and mouth swabs taken from intranasally infected Balb/c mice at days 1, 4, 6, 9, 14, 18, 21, 23, and 30 post infection (p.i.) in acute phase and at days 34, 50, 55, 75, 136, 150, 270, 300, 395, 635, 670, and 695 p.i . in chronic phase were tested for the presence of the virus. In another series of experiments, samples of breast milk were collected daily from the stomach of mice newly born and freshly fed by virus-infected mother mice (Table 1) .
Finally, the effect of the route of virus infection on the virus excretion by urine was examined (Table 2). Out of intranasal, peroral, intramuscular, intraperitoneal or subcutaneous routes, the intranasal turned out the most efficient.
Discussion
The so far published studies on the incidence of MHV-68 infection in small murine rodents led us to consider Epidemiological implications of murine gammaherpesvirus 68 755 the issue of circulation of this virus in the nature and the hypotheses on the virus shedding from reservoir animals. It is generally accepted that MHV-68 enters the animal body through its respiratory tract and leads to acute infection that later converts to chronic and/or latent ones. During acute and chronic infection the virus can be shed to the environment and in this way transmitted to other animals. A possibility of horizontal as well as vertical MHV-68 infection was suggested already by Blaškovič et al. (1987) . However, it was not proved until Rašlová et al. (2001) demonstrated the virus transmission from mother mice to their newborns through breast milk. Besides, transplacentar transmission (Štiglincová et al. 2007, unpublished data) and presence in lactic glands for MHV-Š (Mistríková et al. 2002) and MHV-78 (Mrmusová-Šupolíková et al. 2003) have also been proved.
With EBV, a highly homologous virus to MHV-68, virus exrection into breast milk through white blood cells and epithelial cells was reported by Junker et al. (1991) . This virus was shown to occur in saliva, multiply in nasopharyngeal epithel, cylindrical epithel of salivary gland ducts, and the epithel of mouth and tongue mucosa (Kouba et al. 1988) . These facts correspond to the major mode of transmission of this virus (the so called "kissing disease").
A study focused to the incidence of human herpesviruses in tears using PCR showed that the tear glands are potential site of the latency of EBV (Robert et al. 2002) .
With regard to all this knowledge we focused our experiments to the excretion of MHV-68 from experimentally infected mice via breast milk, urine, saliva, and tears. The obtained results confirmed the incidence of this virus in lactic glands, breast milk, kidneys, urine, salivary glands, saliva, and tear glands of infected mice, a similar behaviour of MHV-68 and EBV as regards their shedding, and hence a suitability of use of MHV-68 as an animal model of EBV.
